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(54) Controlled deployment delivery system 

(57) A controlled stent-g raft deployment delivery 
system (1 0 50 or 900) includes a stent-graft (30 or 63), 
a retractable primary sheath (40) containing the stent- 
graft in a first constrained diameter configuration, an 
outer tube ( 1 8) within the retractable primary sheath and 
within the stent-graft, and an inner tube (20) within the 
outer tube, where the inner tube and the outer tube both 
axially move relative to the retractable primary sheath 



and to each other. The system further includes a cap 
(1 5) coupled to a distal end of the inner tube and con- 
figured to retain at least a portion of a proximal area of 
the stent-graft in a radially compressed configuration. A 
distal assembly (1 00) provides controlled relative axial 
movement between the outer tube and the inner tube 
enabling the release of the proximal end (65, 67, 68, and 
69) of the stent-graft from the cap and from the radially 
compressed configuration. 
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Description 

[0001 ] This application is a continuation in part of pro- 
visional application serial number 60/387,278 filed on 
06/07/2002 and hereby claims priority therefrom. 
[0002] This invention relates generally to medical de- 
vices and procedures, and more particularly to a method 
and system of deploying a stent-graft in a vascular sys- 
tem. 

[0003] Prostheses for implantation in blood vessels or 
other similar organs of the living body are, in general, 
well known in the medical art. For example, prosthetic 
vascular grafts formed of biocompatible materials (e.g., 
Dacron or expanded, porous polytetrafluoroethylene 
(PTFE) tubing) have been employed to replace or by- 
pass damaged or occluded natural blood vessels. A 
graft material supported by framework is known as a 
stent-graft or endoluminal graft. In general, the use of 
stent-grafts for treatment or isolation of vascular aneu- 
rysms and vessel walls which have been thinned or 
thickened by disease (endoluminal repair or exclusion) 
are well known. Many stent-grafts, are "self-expanding", 
i.e., inserted into the vascular system in a compressed 
or contracted state, and permitted to expand upon re- 
moval of a restraint. Self-expanding stent-grafts typical- 
ly employ a wire or tube configured (e.g. bent or cut) to 
provide an outward radial force and employ a suitable 
elastic material such as stainless steel or Nitinol (nickel- 
titanium). Nitinol may additionally employ shape mem- 
ory properties. The self-expanding stent-graft is typical- 
ly configured in a tubular shape of a slightly greater di- 
ameter than the diameter of the blood vessel in which 
the stent-graft is intended to be used. In general, rather 
than inserting in a traumatic and invasive manner, stents 
and stent-grafts are preferably deployed through a less 
invasive intraluminal delivery, i.e., cutting through the 
skin to access a lumen or vasculature or percutaneously 
via successive dilatation, at a convenient (and less trau- 
matic) entry point, and routing the stent-graft through 
the lumen to the site where the prosthesis is to be de- 
ployed. 

[0004] Intraluminal deployment in one example is ef- 
fected using a delivery catheter with coaxial inner 
(plunger) and outer (sheath) tubes arranged for relative 
axial movement. The stent graft is compressed and dis- 
posed within the distal end of an outer catheter tube in 
front of an inner tube. The catheter is then maneuvered, 
typically routed though a lumen (e.g., vessel), until the 
end of the catheter (and the stent-graft) is positioned in 
the vicinity of the intended treatment site. The inner tube 
is then held stationary while the outer tube of the delivery 
catheter is withdrawn. The inner tube prevents the stent- 
graft from moving back as the outer tube is withdrawn. 
As the outer tube is withdrawn, the stent graft is gradu- 
ally exposed from a proximal end to a distal end of the 
stent graft, the exposed portion of the stent-graft radially 
expands so that at least a portion of the expanded por- 
tion is in substantially conforming surface contact with 



a portion of the interior of the lumen e.g., blood vessel 
wall. The proximal end of the stent-graft is the end clos- 
est to the heart whereas the distal end is the end furthest 
away from the heart during deployment. In contrast and 
5 of note, the distal end of the catheter is usually identified 
to the end that is farthest from the operator while the 
proximal end of the catheter is the end nearest the op- 
erator. Depending on the access location the stent graft 
and delivery system description may be consistent or 
opposite. Logic should prevail to understand the de- 
scription of an actual systems below. 
[0005] Many self expanding stent-graft deployment 
systems are configured to have the proximal end of the 
stent-graft deploy as the outer tube or sheath is pulled 
back. The proximal end of the stent-graft is typically de- 
signed to fixate and seal the stent graft to the wall of the 
vessel during deployment. Such a configuration leaves 
little room for error in placement since re-positioning the 
stent-graft after initial deployment, except for a minimal 
pull down retraction, is usually difficult if possible at all. 
Deploying the proximal end of the stent-graft first makes 
accurate pre-deployment positioning of the stent-graft 
critical 

[0006] One attempt to overcome this problem by W. 
L. Gore utilized a flexible jacket that deploys the stent- 
graft with a ripcord that opens the jacket along the lon- 
gitudinal axis of the flexible jacket, e.g., U.S. Patent 
6,31 5,792. Unfortunately, this method introduced a sep- 
arate non-integrated sheath into the system into the 
femoral artery and further failed to provide the desired 
control during deployment. Other stent-graft delivery 
systems have also attempted to confine the proximal 
end of the stent-graft, but generally fail to provide ade- 
quate control in manipulating the stent-graft positioning 
in both the initial deployment of the stent graft and the 
re-deployment of the stent-graft (once the stent-graft 
has been partially deployed). Another problem encoun- 
tered with existing systems, particularly with systems 
that have a distal end of a stent-graft fixed during de- 
ployment (or during the uncovering of a sheath) is the 
frictional forces that can cause the stent-graft to axial ly 
compress or bunch up as the sheath is retracted. This 
bunching increases the density of the stent-graft within 
the sheath and can further increase the frictional drag 
experienced during deployment. Thus, a need exists for 
a method and deployment system that enables partial 
deployment of a stent-graft while constraining a proxi- 
mal end of the stent-graft, provides adequate control to 
enable re-deployment of the stent-graft in various di- 
mensions and further reduces deployment forces during 
advancement of the stent-graft. 
[0007] The present invention intends to overcome at 
least some of the above problems. The object is solved 
by the controlled stent-graft deployment delivery system 
according to independent claims 1,7,19 and 22 and the 
method for controlled deployment of a stent-graft ac- 
cording to independent claim 16. 
[0008] Further advantages, features, aspects and de- 
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tails of the invention are evident from the dependent 
claims, the description and the accompanying drawings. 
[0009] The present invention generally relates to 
medical devices and processes. In particular it relates 
to a method and system of deploying a stent-graft in a 
vascular system. More specifically, the present inven- 
tion relates to controlled stent-graft deployment delivery 
system. 

[001 0] In a first aspect according to the present inven- 
tion, a controlled stent-graft deployment delivery system 
includes a stent-graft, a retractable primary sheath con- 
taining the stent-graft in a first constrained diameter 
configuration, an outer tube within the retractable prima- 
ry sheath and within the stent-graft, and an inner tube 
within the outer tube, where the inner tube and the outer 
tube both move axial ly relative to the retractable primary 
sheath and to each other. The system further includes 
a cap coupled to a distal end of the inner tube and con- 
figured to retain at least a portion of a proximal end of 
the stent-graft in a radially compressed configuration. A 
controlled relative axial movement between the outer 
tube and the inner tube releases the proximal end of the 
stent-graft from the cap and from the radially com- 
pressed configuration. 

[0011] Preferably, the controlled stent-graft deploy- 
ment delivery system can have a cap formed from a 
shroud portion in a flexible tapered tip coupled at the 
distal end of the inner tube and further include a thread- 
ed collar coupled to the inner tube and a mating thread- 
ed shaft coupled to the outer tube that enables the rel- 
ative axial movement between the inner tube and the 
outer tube for controlled deployment of the stent-graft. 
The system can further include a proximal lock attached 
to the outer tube, wherein the stent-graft has a zig zag 
shaped radially expanding proximal spring at the proxi- 
mal end of the stent-graft. The apices of the spring at 
one end remain latched onto the proximal lock in the 
radially compressed configuration while the spring's end 
remains captured within the cap. The proximal lock can 
further include a plurality of ribs or splines for retaining 
the plurality of apices of the proximal spring of the stent- 
graft. 

[0012] In a second aspect according to the present 
Invention, a controlled stent-graft deployment delivery 
system includes a retractable primary sheath, an outer 
tube within the retractable primary sheath, an inner tube 
within the outer tube that can move axially relative to the 
outer tube, and a cap coupled to a distal end of the inner 
tube. The system can further include a retention mech- 
anism attached to the outertube for retaining a proximal 
end of a stent-graft in a constrained diameter configu- 
ration while remaining within the cap while still enabling 
axial and radial movement of the stmt-graft. 
[0013] In a third aspect according to the present in- 
vention, a method for controlled deployment of a stent- 
graft includes the steps of constraining a proximal end 
of a stent-graft radially under a cap while partially de- 
ploying a remaining portion of the stent-graft, evaluating 



and adjusting as necessary at least one of the axial and 
radial positions of the stent-graft after the partial deploy- 
ment of the remaining portion, and releasing the proxi- 
mal area of the stent-graft by minimal controlled coaxial 
5 movement between the cap and a tube retaining the 
stent-graft within the cap. 

[0014] The invention is also directed to apparatus for 
carrying out the disclosed methods and including appa- 
ratus parts for performing each described method steps. 
Furthermore, the invention is also directed to methods 
by which the described apparatus operates. It includes 
method steps for carrying out every function of the ap- 
paratus. 

[0015] The invention will be better understood by ref- 
erence to the following description of embodiments of 
the invention taken in conjunction with the accompany- 
ing drawings, wherein 

[0016] FIG. 1 is a partial cross sectional view of a 
stent-graft deployment delivery system without a stent- 
graft and outer sheath in accordance with the present 
invention. 

[0017] FIG. 2 is a close up schematic cross sectional 
view of the deployment delivery system of FIG. 1 having 
a stent-graft loaded within an outer sheath. 
[0018] FIG. 3 is a close up schematic cross sectional 
view of the deployment delivery system of FIG. 2 show- 
ing partial deployment of the proximal portion of the 
stent graft as proximal end of the stent-graft remains 
constrained while the distal end of the stent graft re- 
mains loaded in its outer sheath. 
[0019] FIG. 3A is a partial cross sectional view of the 
stent graft shown in Fig. 3, but without the distal end of 
the catheter and retaining shaft which is shown in Figure 
3. 

[0020] Fig. 3B is an oblique view of a stent of the type 
to be deployed in a delivery mechanism as shown in Fig. 

3. 

[0021] FIG. 4 is a partial cross sectional view of the 
stent-graft deployment delivery system of FIG. 1 with the 
proximal end of the stent-graft deployed. 
[0022] FIG. 5 is a partial cross sectional view of an- 
other stent-graft deployment delivery system with a 
proximal spring crowns constrained within a cap. 
[0023] FIG. 5A shows a revised position of the end of 
the stent graft delivery system shown in FIG 5 where the 
proximal lock catch is shown engaged with the back- 
plate so that premature release does not occur during 
shipping and delivery prior to an operator's positioning 
the stent graft at its intended delivery location. 
[0024] FIG. 6 illustrates the stent-graft deployment 
delivery system of FIG. 5 with the plurality of proximal 
spring crowns released from under the cap. 
[0025] FIG. 7 illustrates a proximal lock sub-assembly 
that can be used with a stent-graft deployment delivery 
system. 

[0026] FIG. 8 is a cross sectional schematic diagram 
illustrating a spinning collar actuation assembly used in 
conjunction with a stent-graft deployment delivery sys- 
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tern. 

[0027] FIG. 9 is a schematic diagram illustrating a 
stent-graft deployment delivery system in accordance 
with the present invention. 

[0028] FIGS. 1-4 show portions of a stent-graft de- 
ployment delivery system 10. The vertical dashed line 
provides a reference line to provide correlation between 
the FiGs. to a common location related to the position 
of the end spring of the stent graft as elements of the 
delivery system are manipulated to at first partially de- 
ploy and then fully deploy the proximal end of the stent 
graft 30. 

[0029] FIG. 1 illustrates the distal tapered tip portion 
of the delivery system 10 alone without a stent-graft 
while FIGS. 2-4 show close up views of the deployment 
delivery system tip portion loaded with a stent-graft 30, 
with progressive figures showing deployment from with- 
in a retractable primary sheath 40. This system could 
also deploy a stent alone or some other form of endo- 
prosthesis. The subsequent use of "stent-graft" herein 
should be understood to include other forms of endo- 
prosthesis. 

[0030] A configuration of the stent-graft deployment 
system 10 includes a tapered tip 12 that is flexible and 
able to provide trackability in tight and tortuous vessels. 
The tapered tip 12 can include a lumen 14 allowing for 
passage of a guidewire for example. Other tip shapes 
such as buliet-shaped tips could also be used. 
[0031] The retractable primary sheath 40 (preferably 
made of a semi-rigid material such as PTFE) in an un- 
retracted position contains the stent-graft 30 in a first 
constrained diameter configuration as shown in FIG. 2. 
An outer tube 1 8 is located within the retractable primary 
sheath 40 and within the stent-graft 30 as shown in FIGs 
1 and 4. An inner tube 20 within the outer tube 18 serves 
as a guidewire lumen. The inner tube 20 and the outer 
tube 18 can move along the longitudinal axis relative to 
each other and can also move along the longitudinal ax- 
is relative to the retractable primary sheath. A cap 15 is 
coupled to a distal area or end portion 11 of the inner 
tube 20 and is further configured to retain at least a por- 
tion of a proximal end of the stent-graft 30 in a radially 
compressed configuration. Actuating members at the 
operator's end of the catheter create a relative force in 
an axial direction to provide a controlled relative axial 
movement between the outer tube 1 8 and the inner tube 
20 to precisely control the release of the proximal end 
of the stent-graft (such as proximal springs) from the cap 
and from the radially compressed configuration. 
[0032] FIG. 2 illustrates the system 1 0 with the stent- 
graft 30 loaded in the delivery system. The stent graft is 
located within the retractable primary sheath 40 in a pre- 
deployment un-retracted position. 
[0033] FIG. 3 illustrates the system 1 0 with the sheath 
40 partially retracted. The proximal end (tip) of the stent- 
graft 30 is constrained while a proximal portion of the 
stent-graft 30 (that is now exposed due to the partial re- 
traction of the sheath 40) between the end of the sheath 



40 and the constrained proximal end (tip) is partially de- 
ployed, which allows longitudinal repositioning of the 
stent graft before releasing the proximal end (the re- 
lease of the proximal end of the stent graft prevents re- 

5 positioning of the stent graft in a direction toward the 
proximal end of the stent graft, while depending on the 
degree of expansion and contact between the stent graft 
and the wall of the vessel in which the stent graft is being 
deployed, some pull down (movement toward the distal 

10 end of the stent graft) of the stent graft is possible. 
[0034] FIG.3A is a selected partial schematically con- 
sistent view of the phase of stent graft deployment 
shown in Fig. 3, where the distal end of the catheter and 
retaining shaft are not included, for clarity. In FIG 3A the 

15 sheath appears to be farther retracted, and the size pro- 
portion, while not fully consistent with FIG 3, is never- 
theless schematically consistent. In this figure it can be 
seen that deployment of the stent graft can be halted 
and the stent graft repositioned, rotated or moved in ei- 

20 ther direction axially without great a substantial risk of 
damaging the walls of the vessel. 
[0035] In FIG. 4 the proximal end of the stent-graft 30 
is shown as having been deployed by the controlled rel- 
ative axial movement between the inner tube 20 and the 

25 outer tube 18. In particular, as shown in FIGs. 1-4, an 
end cap 15 containing the proximal apices of the end 
spring of the stent graft can be formed from a shroud 
portion of the tapered tip 1 2 which is coupled to the distal 
end of the outer tube 18. Within the shroud portion 

30 (formed by tubular body portion 16 of the tapered tip 12) 
preferably resides a back plate 17 coupled to a distal 
portion or end of the outer tube 1 8 that serves as a prox- 
imal stop for the stent-graft 30. The tubular body portion 
1 6 of the shroud portion may also include a support (re- 

35 inforcing) ring 13 near the proximal end of the tapered 
tip 12 to provide additional rigidity to the cap and pre- 
vents the cap shroud portion 16, which is preferably 
made of a plastic material from stretching (or distorting) 
in diameter. This configuration thereby prevents prema- 

40 ture release of the of the proximal end of the stent graft 
constrained by the cap (premature stretching could cre- 
ate a gap large enough for the restrained members of 
the stent graft to spring loose. Additionally, a proximal 
lock (retainer) 22 is also coupled to a distal portion of 

45 the outer tube 18. The proximal lock 22 preferably in- 
cludes at least one or a plurality of ribs (or splines) 23 
that can together with the shroud portion 1 6 serve as an 
axial constraint for the end stent-graft 30. The proximal 
end (or the proximal springs 31 , 32, and 33) of the stent- 

50 graft 30 cannot deploy until the proximal end of the ribs 
of the proximal lock clear the end of the shroud portion 
1 6 of the tip. 

[0036] A stent-graft can include a polyester or Dacron 
material (forming the graft material 34 (Fig 3B)) sewn to 
55 a Nitinol support structure35 using polyester sutures. In 
one example, a Nitinol wire is used to form a skeletal 
structure 35 that provides support, strength and stability 
to the stent-graft. The stent-graft can also have a sup- 
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port member (crown stent or spring 36) on the proximal 
end of the stent-graft that is left mainly uncovered by the 
graft material. The uncovered portion will typically have 
a zig zag like pattern with a predetermined number of 
apices protruding up. The apices form the extreme end 
of what is known as the proximal spring (or crown spring 
36) of the stent-graft. 

[0037] As shown in FIGs. 1 -3, the gap 1 9 between the 
backplate 1 7 and the proximal lock 22 is preferably de- 
signed to hold the protruding apices of the proximal 
spring. The apices straddle the ribs 23 of the proximal 
lock 22 and remain trapped between the back plate and 
the proximal lock until the relative movement between 
the outer tube 1 8 and the inner tube 20 exposes the gap 
1 9 and releases the apices 31-33 of the proximal spring 
as shown in FIG. 4. In other words, the apices 31-33 
cannot release from the ribs 23 on the proximal lock 22 
while the apices remain within the shroud portion 15. 
When the inner tube 20 and tapered tip 1 2 assembly are 
advanced forward exposing the proximal lock 22, the 
apices of the proximal spring release from the respec- 
tive ribs 23 of the proximal lock 22. The release results 
in the deployment of the proximal end of the stent-graft 
30 as shown in FIG. 4. Note that while the apices of the 
proximal spring remain in gap 19 and within the cap or 
shroud portion of the tapered tip 12, the whole of the 
proximal spring remains axially (longitudinally) con- 
strained as well as radially constrained. The support ring 
13, usually made of metal, helps prevent the radial force 
of the proximal springs from distorting the shape of the 
tapered tip and particularly the shroud portion of the ta- 
pered tip. 

[0038] Close up schematic plan views of another 
stent-graft deployment delivery system 50 are shown in 
FIGs. 5 and 6. FIG. 5 illustrates a plurality of proximal 
spring apices 65, 67 and 69 (68 is hidden in this view) 
of a stent-graft 63 constrained within a cap or shroud 
portion 55 of a tip 52. The cap or shroud portion 55 can 
be formed from the tube section 54 which can further 
include support ring 56. 

[0039] FIG. 5A illustrates the backplate 57 in engage- 
ment with the inner tube assembly's proximal lock catch 
64. The proximal lock catch 64 is a plate or bar which 
spans the end of the backplate 57 and has two engage- 
ment hooks to engage with engagement hook receiving 
slots or channels in the backplate 57. Two offset partial 
cross sectional views of these slots or channels can be 
seen on the right and left sides of the backplate 57 
shown in FIG. 5A. The left side shows the left side pro- 
trusion from the lock catch 64 engaged in the slot and 
prevented from release by a slot lip, while the right side 
shows an angularly offset cross section (not diametri- 
cally opposite the left side) where the slot or channel is 
open and the slot lip is absent. The release of the catch 
64 from engagement with the backplate, can be per- 
formed by a rotational motion by having an obliquely 
shaped slot similar to the channel as more precisely pic- 
tured in FIG. 7, below. Or by initiating a relative rotational 



motion between the inner and outer tubes. While the 
proportions shown in the Figures are not consistent with 
the type of arrangement shown in FIG. 7, a person 
skilled in the art will recognize the schematic nature of 

5 the items presented in FIGs. 5, 5A, and 6, and under- 
stand that the proportions can be changed to include the 
functional engagement and disengagement action be- 
tween the inner and outer tubes as presented and dis- 
cussed for FIG. 7. 

w [0040] FIG. 6 illustrates another close up view of the 
stent-graft deployment delivery system 50 with the plu- 
rality of proximal spring apices 65, 67, 69 and 68 re- 
leased from under the cap. As in system 10 described 
in FIGs 1 -4, the stent-graft deployment delivery system 

'5 50 includes an outer tube 60 coupled to both a backplate 
57 and a proximal lock 62 having a plurality of ribs 61 , 
an inner tube 59 (within the outer tube 60) coupled to 
the tip 52, and a proximal lock catch 64 connected to 
the tip 52. When the inner tube 59 and tip 52 to which it 

20 is fixed are advanced forward exposing the proximal 
lock 62, the apices 65, 67, 69 and 68 of the proximal 
spring are release from the respective ribs (e.g., 61) of 
the proximal lock 62. The release results in the deploy- 
ment of the proximal end of the stent-graft 63 as shown 

25 in FIG. 6. 

[0041 ] While the apices 65, 67, 69 and 68 of the prox- 
imal spring are held in the gap between the backplate 
and proximal lock and within the cap or shroud portion 
of the tapered tip 52, the whole of the proximal spring 

30 remains axially constrained as well as radially con- 
strained. The support ring 56, as previously explained 
helps prevent the radial force of the proximal springs 
from distorting the shape of the tip and particularly the 
shroud portion of the tip. 

35 [0042] Now referring to FIG. 7, a perspective view of 
a proximal lock assembly 70 is shown including an inner 
tube 72 within an outer tube 74, a proximal lock 75, a 
backplate 78 and a proximal lock catch 80. The inner 
tube 72 is attached to the proximal lock catch 80 at a 

40 distal end of the inner tube 72. The proximal lock catch 
80 can be connected to a tip of a stent-graft delivery 
system as previously shown schematically in FIGs. 5 
and 6. The inner tube 72 further serves as a guidewire 
(not shown) lumen. The backplate 78 is attached at a 

45 distal end of the outer tube 74 with the proximal lock 75 
being attached near the distal end of the outer tube 74 
as shown. The backplate 78 serves as a proximal stop 
(preventing the stent graft from moving with the shroud 
and tip assembly when the shroud (cap) is moved for- 

50 ward to release the apices of the proximal spring) for a 
stent-graft (not shown) and preferably includes at least 
one channel 79. The proximal lock catch 80 can include 
at least one post 82 that rides in the channel 79 (dis- 
posed at an oblique angle with respect to the longitudi- 

55 nal axis of the stent graft and catheter, the chan nel (slot) 
being closed at the proximal end and open at the oppo- 
site end) of the backplate 78. With this arrangement, the 
proximal lock 75 cannot separate from the tip (and catch 
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80) (because of the closed proximal end of the channel) 
until the post or posts 82 are moved distally so that the 
end(s) of the posts (e.g., 82) are expelled from and clear 
the end of the channel or channels 79 so they no longer 
prevent proximal motion of the tip relative to the proximal 
lock 75. To release the catch 80, the proximal lock 75 
and tip (or catch 80) must be forced together (or com- 
pressed) (the actuation mechanism actually has to be 
moved (turned) in the opposite direction to motion used 
for normal deployment), which is opposite the force that 
is provided during the normal deployment motion (a sep- 
aration force). The clearing is accomplished by pulling 
(using the threaded deployment relative motion mech- 
anism of the catheter described below) the inner tube 
72 axially with respect to the outer tube so that the post 
82 is forced out of the channel in the backplate and com- 
pletely disengages (or escapes) the channel 79 in the 
backplate 78. Once a user compresses the tip (or catch 
80) and proximal lock 75 releasing the catch 80 from the 
backplate 78, the proximal lock can be advanced out of 
the shroud portion of the tip. The distal mechanism for 
actuating the relative coaxial movement of the inner 
tube 72 and outer tube 74 (and the respective compo- 
nents of the assembly 70 respectively attached thereto) 
will become apparent with the description of FIGs. 8 and 
9. Such an assembly prevents premature deployment 
and reduces the likelihood of an unintentional deploy- 
ment of a stent-graft. This arrangement also prevents 
any elongation forces the deployment system could ex- 
perience during tracking and/or deployment which could 
cause premature deployment. 

[0043] The proximal lock 75 preferably includes a 
number of contoured ribs 76 about the periphery of the 
proximal lock 75. The number of ribs will ideally depend 
on the number of apices in a proximal spring of a stent- 
graft (not shown) although the present invention is not 
necessarily limited thereto. The contouring of the ribs 
76 aid in the loading of the apices of the proximal spring 
onto the proximal lock (by providing an inclined surface 
such that a proximal end spring constrained in a fixture 
to a cylindrical shape can be mounted over the thin di- 
ameter end of the contour and then forced toward the 
wide end so that the contoured shape proximal lock is 
acting as an expansion mandrel, allowing the apices of 
the proximal spring to be forced past the wide end and 
be engaged by the end of the contoured splines, then 
the shroud can be introduced over the now proximal lock 
engaged apices of the proximal spring of the stent graft) 
and the wide end of the contoured splines further pro- 
viding an axial constraint for the proximal end of the 
stent-graft until deployment when the proximal lock 
clears the shroud section of the tip as previously ex- 
plained with respect to FIGS 1 -6. The relative movement 
between the inner tube 72 and the outer tube 74 will 
cause the release of the proximal end (proximal springs) 
of the stent-graft. The contoured surface of the proximal 
lock also provides an advantage after the proximal end 
of the stent graft is released and the stent graft is fully 



deployed, such that the taper of the outer surface makes 
it easier to retract the catheter tip back into the sheath, 
the contoured outer surface once the small diameter 
end begins access to the end of the sheath, acts as a 
5 guide to channel the sheath to coaxially surround the 
tip, so that contact and damage to vascular internal sur- 
faces is minimized as the tip is retracted within the 
sheath. 

[0044J Now referring to FIG. 8, a schematic diagram 

10 of a distal assembly or a spinning collar actuation as- 
sembly 100 is shown illustrating the controlled relative 
axial movement of an inner tube (e.g., 1 02) to an outer 
tube (e.g., 104). The assembly 100 preferably includes 
a luer 1 1 2 and spindle 1 1 0 attached to the inner tube (e. 

15 g., 102), a threaded shaft 108 and handle 114 coupled 
to the outer tube (e.g., 1 04), and a collar 1 06. The collar 
106 can be attached to the inner tube (e.g., 102) and 
yet also spin in relation to the luer 112. In this configu- 
ration, the innertube 102 can advance axially in relation 

20 to the outer tube 1 04 by screwing or spinning the collar 
1 06 down or across the threaded shaft 1 08, The thread- 
ed shaft 108 can be similar to the threaded portion of a 
Touchy Borst connector commonly used in catheters. 
The assembly 100 provides a simple mechanism by 

25 twisting or spinning for release (or activation) of the ap- 
ices of or the proximal spring of a stent graft during de- 
ployment. 

[0045] A schematic diagram of a stent-graft deploy- 
ment delivery system 900 including a tip 952 (coupled 

30 to an inner tube 961) having a cap or shroud portion 
formed from a tube section 954, an outer tube 960 cou- 
pled to both a backplate 957 and a proximal lock 962, 
as well as a distal assembly or a spinning collar actua- 
tion assembly is shown in FIG. 9. The distal assembly 

35 provides controlled relative axial movement of the inner 
tube 961 with respect to the outer tube 960 and prefer- 
ably includes a luer 91 2 and spindle 91 0 attached to the 
innertube 961 , athreaded shaft 908 coupled to the outer 
tube 960, and a collar 906. The collar 906 can be at- 

40 tached to the inner tube 961 and yet also spin in relation 
to the luer 91 2. In this configuration, the inner tube 961 
can advance axially in relation to the outer tube 960 by 
screwing or spinning the collar 906 down or across the 
threaded shaft 908. Note that a sheath and stent-graft 

45 are not shown in FIGs 8 and 9 and the sheath and it 
actuation mechanism and handle (not shown) are locat- 
ed around the inner and outer tubes as previously de- 
scribed between the stent graft proximal spring apices 
actuation handle (mechanism) and the tip of the catheter 

so where the stent graft is deployed. 

[0046] When treating Abdominal Aortic Aneurisms 
(AAA), for example, there are several anatomical chal- 
lenges when advancing a stent-graft deployment sys- 
tem or device and appropriately placing the stent-graft 

55 itself. A major challenge is encountered in the region of 
the aortic bifurcation (this typically includes the femoral, 
external iliac, and common iliac arteries). Existing stent- 
graft delivery systems that deploy from a distal end of 
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the stent-graft fail to provide sufficient options for re- 
alignment once the stent-graft is even partially de- 
ployed. Existing stent-graft delivery systems that deploy 
from a proximal end of the stent-graft fail to provide ad- 
equate control in the eventual release of the proximal 
end of the stent-graft. Stent-grafts that require align- 
ment of ports with branch arteries can use the re-de- 
ployment capabilities and the controlled release mech- 
anisms of the present invention to a great advantage. 
Since the system of the present invention constrains the 
proximal end of the stent-graft radially while allowing the 
middle and/or distal portions of the stent-graft to deploy 
first, the stent-graft can be repositioned both axially and 
radially by preventing the stent-graft from fixating itself 
to a vessel, even when partially deployed. 
[0047] Stent-grafts that require alignment with branch 
arteries can have the middle or port areas of the stent- 
graft release first. The stent-graft can be realigned so 
that all ports are properly aligned before releasing the 
proximal end of the stent-graft. The proximal end of the 
stent-graft is also axially constrained which enables the 
delivery system to maintain the position of the stent-graft 
during the full deployment sequence event if the stent- 
graft has little or no axial support. Since the present in- 
vention fixes the proximal end of the stent-graft during 
deployment while the sheath is withdrawn, the frictional 
forces between the stent-graft and sheath cause the 
stent-graft to be held under a tensile load. While under 
a tensile load, the density of the stent-graft and the com- 
pressive forces within the sheath are reduced. Addition- 
ally, using the design of the present invention, deploy- 
ment forces can be further reduced by removing sup- 
ports (such as connecting bars) in the stent-graft since 
such supports would no longer be needed for deploy- 
ment. 

[0048] Additionally, the description above is intended 
by way of example only and is not intended to limit the 
spirit and scope of the invention and it equivalent as un- 
derstood by persons skilled in the art. 



Claims 

1 . A controlled stent-graft deployment delivery system 
10; 50; 900), comprising: 

a stent-graft (30; 63); 

a retractable primary sheath (40) containing 
said stent-graft in a first constrained diameter 
configuration; 

an outer tube (18; 60) within the retractable pri- 
mary sheath and within the stent-graft; 
an inner tube (20; 59) within the outer tube, 
wherein the inner tube and the outer tube both 
axially can move relative to the retractable pri- 
mary sheath and to each other; 
a cap (15; 55) coupled to a distal end of the in- 
ner tube and configured to retain at least a por- 



tion of a proximal portion of the stent-graft in a 
radially compressed configuration, wherein a 
controlled relative axial movement between the 
outer tube and the inner tube releases the prox- 
5 imal end of the stent-graft from the cap and from 

the radially compressed configuration. 

2. The controlled stent-graft deployment delivery sys- 
tem of claim 1 , wherein the cap is a shroud portion 

10 of a flexible tapered tip (1 2) fixed to the distal end 
of the inner tube. 

3. The controlled stent-graft deployment delivery sys- 
tem of any of claims 1 to 2, wherein a threaded 

15 collar coupled to the inner tube and a mating thread- 
ed shaft coupled to the outer tube enables the rel- 
ative axial movement between the inner tube and 
the outer tube for controlled deployment of the 
stent-graft. 

20 

4. The controlled stent-graft deployment delivery sys- 
tem of any of claims 1 to 3 further comprising a 
proximal lock (22; 62;75) attached to the outer tube, 
wherein the stent-graft has a plurality of proximal 

25 spring apices at the proximal end of the stent-graft 
that remain latched onto the proximal lock in the ra- 
dially compressed configuration while the plurality 
of spring apices remain within the cap. 

30 5. The controlled stent-graft deployment delivery sys- 
tem of claim 4, wherein the proximal lock further 
comprises a plurality of ribs (23; 61 ; 76) for retaining 
a plurality of apices of the proximal spring of the 
stent-graft. 

35 

6. The controlled stent-graft deployment delivery sys- 
tem of claim 5, wherein the plurality of ribs are each 
tapered to aid in the process of re-introducing the 
proximal lock into the retractable primary sheath af- 

40 ter deployment of the stent-graft. 

7. A controlled stent-graft deployment delivery sys- 
tem, comprising: 

45 a retractable primary sheath 40); 

an outer tube (18; 60)within the retractable pri- 
mary sheath; 

an inner tube (20; 59) within the outer tube, 
wherein the inner tube can move axially relative 
50 to the outer tube; 

a cap (15; 55)axially fixed to a distal end of the 
inner tube; and 

a retention mechanism attached to the outer 
tube for retaining a proximal end of a stent-graft 
55 in a constrained diameter configuration while 

the end of the stent graft is still located within 
the cap while still enabling axial and radial 
movement of the stent-graft. 
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8. The controlled stent-graft deployment delivery sys- 
tem of claim 7i wherein the retention mechanism 
enables a partial deployment of a remaining distal 
portion of the stent-graft while maintaining the prox- 
imal end of the stent-graft in the constrained diam- 
eter configuration 

9. The system of any of claims 7 to 8, wherein reten- 
tion mechanism comprises a proximal lock (22;62) 
fixed to the outer tube. 

1 0. The system of any of claims 7 to 9, wherein the cap 
is formed from a sh roud portion of a tapered tip cou- 
pled to the distal end of the inner tube. 

11. The system of claim 9, wherein the proximal lock 
includes a plurality of ribs (23; 61) for retaining a 
plurality of apices of the proximal spring of the stent- 
graft. 

12. The system of any of claims 7 to 11, wherein the 
system further comprises means for controlled co- 
axial movement of the inner tube relative to the out- 
er tube. 

13. The system of claim 12, wherein the means for con- 
trolled coaxial movement comprises a spinning col- 
lar attached to the inner tube that causes a proximal 
lock to move in and out of the shroud portion of the 
tip by advancing along a threaded member at- 
tached to the outer tube. 

14. The system of any of claims 7 to 13, wherein the 
retention mechanism further comprises a back 
plate (17; 57; 78) having a channel (79) and a prox- 
imal lock (64; 80) catch which couples the proximal 
lock with the cap until the proximal lock catch is re- 
leased from the channel of the back plate. 

15. The system of any of claims 7 to 14, wherein the 
system further comprises a second retention mech- 
anism for retaining a distal end on the stent-graft 
undeployed while a remaining portion of the stent- 
graft is deployed. 

1 6. A method for controlled deployment of a stent-graft, 
comprising the steps of: 

constraining a proximal end of a stent-graft ra- 
dially under a cap while partially deploying a re- 
maining portion of the stent-graft; 
adjusting at least one of the axial and radial po- 
sitions of the stent-graft after the partial deploy- 
ment the remaining portion; and 
releasing the proximal area of the stent-graft by 
controlled coaxial movement between the cap 
and a tube retaining the stent-graft within the 
cap. 



17. The method of claim 16, wherein the constraining 
step further comprises the step of constraining 
proximal springs of the stent-graft between a 
shroud area of a proximal tip and a proximal lock 

5 coupled to an inner tube. 

18. The method of any of claims 16 to 17, wherein the 
constraining step further comprises the step of con- 
straining a plurality of apices of a proximal spring of 

10 the stent-graft between a shroud area of a proximal 
tip and a proximal lock having ribs. 

19. A controlled stent-graft (30; 63) deployment deliv- 
ery system (10; 50; 900), comprising: 

15 

a self expanding stent-graft compressed on a 
delivery system, the stent graft having a proxi- 
mal spring having apices extending proximally 
therefrom; 

20 a proximal lock (22; 62; 75) fixed to an outer 

tube of said delivery system, said proximal lock 
having protrusions over which said apices ex- 
tend at the proximal end of the stent graft 
a shroud (15; 55) fixed to a distal end of an inner 
25 tube of said delivery system and surrounding at 

least a portion of a proximal portion of apices 
of a spring of the stent-graft in a radially com- 
pressed configuration and in close proximity to 
the radial ends of the protrusions so that the 
30 stent graft spring apices are prevented from re- 

leasing, wherein a controlled relative axial 
movement between the outer tube and the in- 
ner tube releases the proximal end of the stent- 
graft from the shroud. 

35 

20. The controlled stent-graft deployment delivery sys- 
tem, as in Claim 19, further comprising: 

a proximal lock catch (64; 80) coupling the inner 
40 and outer tube at a proximal end of said stent 

graft, the coupling is initially engaged and pre- 
vents the shroud from moving axially to clear 
the proximal end of the stent graft; 

45 wherein said controlled axial movement in a 

first direction causes the catch to uncouple the inner 
and outer tubes, while said controlled axial move- 
ment in a second direction opposite said first direc- 
tion, after said first and second tubes have been un- 

50 coupled, causes the shroud to move to clear the 
proximal end of the stent graft. 

21 . The controlled stent-graft deployment delivery sys- 
tem, as in Claim 20, wherein said controlled axial 

55 movement is caused through a threaded engage- 
ment between the inner tube and the outer tube at 
a handle end of said delivery system. 
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22. A controlled stent-graft deployment delivery meth- 
od comprising: 

inserting a self expanding stent graft inside a 
stent graft delivery system into a vessel pas- 5 
sage; 

performing a partial deployment of the stent 
graft; 

releasing a proximal lock catch of a stent graft 
proximal end retaining system by causing a in- 10 
ner tube connected to a first component of said 
catch to move in a first axial direction with re- 
spect to a first component coupling component 
connected to an outer tube; 
releasing the proximal end of the stent graft by *5 
moving the inner tube in a second axial direc- 
tion with respect to the outer tube. 

23. The controlled stent-graft deployment delivery 
method of Claim 22, 20 

wherein causing the inner tube to move rela- 
tive to the outer tube is accomplished by rotating 
relative to one another interengaged threaded ele- 
ments at a handle end of said system, where a first 
of said interengaged threaded elements is coupled 25 
to said inner tube and a second of said interen- 
gaged threaded elements is coupled to said outer 
tube. 

30 
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